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resumo 
 
 
As zonas húmidas intertidais são habitats altamente produtivos e suportam 
milhares de aves aquáticas em todo o mundo, contudo são também um dos 
habitats mais ameaçados globalmente. A perda de habitats intertidais é 
considerada um dos principais fatores que contribui para o atual declínio da 
maioria das populações de aves aquáticas. Habitats artificiais supratidais como as 
salinas costeiras, podem funcionar como zonas tampão contra a perda de habitats 
costeiros naturais. Uma vez que o abandono das salinas pode conduzir à perda 
da sua qualidade como habitat para as aves limícolas, este trabalho pretende 
contribuir para o estudo da sua importância, de forma a tentar prever as 
implicações que a atual tendência de abandono da exploração do sal pode ter nas 
populações de limícolas. Foram efetuadas contagens da avifauna limícola em 3 
diferentes regimes de salinas – salicultura ativa, aquacultura ativa e salinas 
abandonadas/arrombadas - em situações de preia-mar e baixa-mar, entre Outubro 
de 2014 e Março de 2015. Verificou-se que um elevado número de limícolas na 
Ria de Aveiro utiliza as salinas independentemente do ciclo de maré, contrariando, 
assim, a ideia da sua utilização apenas como refúgio de preia-mar. Contudo, 
verificam-se diferenças substanciais entre as fases de preia-mar e baixa-mar. 
Durante a maré enchente a abundância de aves limícolas aumenta em tanques 
com salinas ou aquacultura ativas e diminui nas abandonadas, sendo que o 
inverso ocorre na maré vazante. As salinas ativas são um importante local de 
alimentação para espécies maiores como o perna-longa (Himantopus himantopus) 
e o milherango (Limosa limosa), tanto em situações de preia-mar como de baixa-
mar. Estes resultados vêm reforçar a importância da manutenção de salinas ativas 
como estratégia de gestão e conservação da avifauna limícola invernante da Ria 
de Aveiro. 
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abstract 
 
Intertidal wetlands are among the most productive habitats and support 
large numbers of waterbirds worldwide, however they are also one the 
most threatened habitats on the planet. The loss of intertidal habitats is 
considered a key factor in explaining the current decline of many waterbird 
populations. Anthropogenic supratidal habitats such as coastal saltpans 
can operate as buffer zones against the loss of natural coastal habitats. 
Therefore, saltpan abandonment can lead to a loss of the quality of these 
areas for waders. This study aimed to evaluate the implications that the 
current trend of traditional salt works abandonment can have on wader 
populations. Wader surveys were undertaken in saltpan tanks currently 
under one of 3 different regimes – active saltpans, active aquaculture and 
inactive/shattered – during both high tide and low tide between October 
2014 and March 2015. The observations showed that a larger number of 
wintering waders use the active saltpans both during high and low tide. 
Nevertheless, the study of wader distribution in the different saltpans 
revealed differences between high tide and low tide. During rising tide, 
wader abundance significantly increases in active saltpans and aquaculture 
tanks and decreases in inactive tanks, whereas the opposite occurs during 
dropping tide. Active saltpans are an important feeding habitat for large 
waders, particularly for the black-winged stilt (Himantopus himantopus) and 
the black-tailed godwit (Limosa limosa), in both high tide and low tide. 
These results highlight the importance of artificial habitats such as active 
saltpans for wintering waders and the value of its correct management 
towards the conservation of waders in Ria de Aveiro. 
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1. General Introduction 
 
1.1 Waders & estuaries 
 
Waders are a widespread group of birds that contains more than 200 
species belonging to 12 families within the Order Charadriiformes (Hayman et al. 
1991). Most species are typically associated with wetland and/or coastal 
environments, being also frequently referred to as ǲshorebirdsǳ. Waders are very 
gregarious during the non-breeding season often forming large feeding and 
roosting flocks, sometimes totalling several thousands of individuals being thus a 
very conspicuous group of birds (Dias 2008). Despite recognizable whilst in large 
flocks, waders are small to medium-sized birds with slender and probing bills and 
relatively long legs. Many are cryptically coloured, but some are boldly patterned 
particularly in the breeding season (Evans & Davidson 1990). During the non-
breeding season (that includes the wintering and migratory phases of the annual-
cycle) most wader species concentrate in estuaries and other coastal wetlands. In 
estuarine areas their daily cycle is constrained by the movement of the tides 
(Burger et al. 1977), typically feeding on intertidal flats exposed during the low-
tide period, and moving to supra-tidal areas when the tide rises, such as salt 
marshes or saltpans. The tidal cycles thus imply regular movements between tidal 
flats and supra tidal roosts where they mostly rest and, in some habitats, (e.g. 
saltpans) can also forage. 
Most estuaries have a series of landscape subcomponents: a river (or fresh 
water) source, a tidal-estuarine segment (or intertidal area), marshes (or 
mangroves depending on latitude), and a pass to the sea. They are characterized by 
having considerable variation in temperature and salinity. The distribution and 
abundance of waders in these areas depends on the pattern of occurrence of the 
invertebrates (on which they prey) and also on the physical features of their 
habitat (Granadeiro et al. 2004) which, in turn, dependent greatly on the tide cycle 
(Granadeiro et al. 2006). Most notably, these systems have extremely high primary 
and secondary productivity and support a great abundance and diversity of fish 
and invertebrates. Because of their effects on the diversity and productivity of 
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macrofauna, coastal estuaries serve as nursery grounds for many migratory 
species of marine fish and as feeding and resting areas for many species of waders 
and other water birds (Beck et al. 2001; Correll 1978). One of the most important 
characteristics of estuaries is the fact that these form a mosaic of inter-linked 
habitats that should not be considered in isolation (Morrisey et al. 2003), each one 
being of particular value for the different species that use it. 
Important primary producers in estuaries are phytoplankton and 
submerged vascular plants. Periphyton and benthic thalloid algae provide 
significant amounts of productivity in shallow water areas. In addition, relatively 
small amounts of organic matter are transferred to the estuary from tidal marshes 
and uplands. The particle consumers include benthic molluscs, zooplankton, larval 
and juvenile fish, adult filter-feeding fish, and certain benthic invertebrates such as 
bryozoa and polychaetes. Top predators in estuarine systems are wades, other 
waterbirds (e.g. heron, ducks) and some species of fish, which might also feed at 
other trophic levels. (Correll 1978; Wolanski 2007). Intertidal mudflats are a 
dominant habitat in many estuarine systems often covering a considerable part of 
their area. They have long been recognised as a key habitat for the estuarine food 
web because of their disproportionately high productivity in comparison with 
subtidal areas (França et al. 2009). Coastal waders depend on intertidal areas for 
their survival as they feed on macrobenthic invertebrates buried in the sediment, 
which only become available during low water. The most common prey items for 
waders in temperate estuaries are  bivalves (Mollusca: Bivalvia), mudsnails 
(Mollusca: Gastropoda), polychaete worms (Annelida: Polychaeta) and crustaceans 
(Arthropoda: Crustacea) (Van the Kam et al. 2004). In order to take advantage of 
all these prey items, waders exhibit numerous adaptations to forage in soft 
sediments. For example, Scolopacidae species (particularly genus Limosa and 
Numenius) have long bills that allow them to catch prey living deep in the sediment 
column; plovers (Charadriidae) have large eyes which allow them to search for 
food during both  diurnal and nocturnal low-tides (Mcneill et al. 1992); some have 
heavily muscled stomachs (as knots Calidris canutus and purple sandpipers 
Calidris maritima) which allow them to efficiently crush mollusc shells (Piersma et 
al. 1993). Beside these features waders present a large amount of variation in bill 
morphology (Durell 2000), which allows them to exploit several different niches. 
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In some sexually dimorphic species the sexes segregate, with each having a distinct 
diet (Alves et al. 2013). In order to exploit their prey items and to avoid 
competition waders also diverge in the strategy used to search and capture prey. 
Plovers tend to perceive their prey by sight, whilst Scolopacidae species mostly use 
tactile cues (Piersma et al. 1998). Avocets (genus Recurvirostra) employ a different 
strategy, consisting of sweeping their bill in the sediment surface to acquire small 
prey items. Although each species tends to adopt a particular type of foraging 
strategy, they can switch feeding behaviour in response to environmental 
conditions (Mcneill et al. 1992; Lourenço et al. 2008). 
Estuarine sediment flats are highly dynamic environments where 
accessibility to foraging grounds is continuously changing due to the tide 
movement. This can have impacts on the distribution and behaviour of waders, 
since they are limited to the exposure period of the mudflats to acquire food 
(Burger et al. 1977; Connors et al. 1981; Folmer et al. 2010). Within an estuary, the 
exposure period of the flats can differ, so waders move from one area to another in 
order to maximize foraging opportunities. On the feeding grounds, the distribution 
of waders is largely determined by the distribution of food, the substrate type and 
the distance from feeding areas to roosting sites (Zwarts & Wanink 1993; Dias et 
al. 2006). Species differ in their response to this periodical change in flats 
availability, whilst some concentrate their feeding effort near the tidal line, others 
tend to arrive to their foraging grounds well after the tidal passage (Burger et al. 
1977; Connors et al. 1981; Folmer et al. 2010; Evans & Harris 1994).  
As the tidal cycle constrains the time available for feeding, some species are 
only able to match their energetic requirements by feeding in alternative habitats 
during high tide, such as saltpans (Velasquez & Hockey 1992; Masero et al. 2000). 
In fact, waders foraging in intertidal habitats sustain intake rates at high levels in 
order to fulfil their daily energetic demands, which are amongst the highest found 
in birds (Piersma 2002; Rogers et al. 2006). 
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1.2 Migrating and wintering waders in Southwest Europe 
 
Waders perform some of the longest migratory flights amongst all birds and 
despite the relatively narrow latitudinal span in breeding distribution, most 
species show extensive wintering ranges and along their migratory routes they use 
numerous sites for refuelling, termed ǲstopover areasǳ. Migration stopover sites 
provide a crucial link between wintering and breeding areas. Food attained at 
stopovers provides energy for continued migratory flight and nutritional reserves 
that may be essential for successful reproduction upon arrival at the breeding 
grounds in Spring (Lourenço et al. 2010; Alves et al. 2012). Coastal wetlands 
provide abundant food for thousands of migratory waders (Farmer & Parent 
1997). 
Several wader species are long-distance migrants, undertaking some of the 
most exceptional journeys of any bird species. Most undertake annual migrations 
from their breeding grounds, usually located in high Arctic tundra, to the wintering 
quarters located in the southern limits of Western Europe, Australasia, Africa and 
South America making several stopovers during their journey. Others, like the bar-
tailed godwits Limosa lapponica baueri, are able to perform a nonstop flight of 
more than 11 000 km, by far the longest ever recorded in birds (Gill et al. 2005). In 
these journeys between breeding and wintering areas waders usually follow 
species-specific migration routes, which together with their breeding and 
wintering areas are designated flyways (IWSG 1992). There are ten major flyways 
currently recognized, with waders in Western Europe belonging to the East 
Atlantic Flyway (Van the Kam et al. 2004). The East Atlantic flyway (EAF, Figure 1) 
comprises breeding areas from Siberia, Northern Europe and Russia, Iceland, 
Greenland and Northeast Canada and wintering areas in the Atlantic and West 
Mediterranean coasts of Europe and West Africa (Boere & Stroud 2006). 
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The wetlands of the East Atlantic flyway provide wintering areas for almost 
7.5 millions waders (Pérez-Hurtado & Hortas 1992) and the migratory behaviour 
of these species is quite diverse. Several species go as far as West and South 
Europe during winter, but just about as many winter in the tropics (Boere & Stroud 
2006). Some species display wide winter distribution ranges, as is the case of the 
sanderling (Calidris alba), which winters from Scotland to South Africa (Van the 
Kam et al. 2004). Wintering waders are relative scarce in the far north of Europe 
(e.g. northern Scandinavia) as low temperatures in winter promote ice formation 
on the sediments making it difficult if not impossible for waders to access their 
food. As an example, the Eurasian oystercatcher Haematopus ostralegus is a wader 
with wide breeding and wintering ranges, distributed along the estuaries and 
coasts of Europe in which all populations partly share the same wintering grounds, 
particularly in the Wadden Sea, in Netherlands (Van the Kam et al. 2004). Both 
resident and migrant birds can suffer from cold spells that reduce feeding 
opportunities inducing massive mortality. Although all populations are commonly 
faithful to their wintering areas they can move long distances in order to escape 
cold weather (Duriez et al. 2012). 
In Southwest Europe there is quite a very different situation as the coasts 
are filled with hundreds of thousands of wintering waders throughout the winter. 
These coasts are ice-free and thus tidal waters uncover large expansions of 
suitable sand- and mudflats. 
 
Figure 1. The East Atlantic flyway (adapted from Boere & Stroud 2006). 
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Around the world, almost half of the wader populations are declining 
(48%), whilst only 16% of populations are increasing (Delany et al. 2009). The 
reasons for such widespread decline are diverse, but they are mostly caused by 
loss or degradation of breeding sites, and notably loss of critical stopover and 
wintering habitats (Zockler et al. 2003; Stroud et al. 2006). For instance, in the 
Wadden Sea, the unsustainable levels of industrial shellfishing led to the 
redistribution of birds from the high quality feeding areas, to less favorable feeding 
habitats  (Van the Kam et al. 2004). Declines in the biogeographical populations of 
long-distance migrant waders have occurred and are ongoing (Davidson 2003). At 
a global scale, anthropogenic habitats such as rice fields, extensive aquaculture 
ponds and saltpans may play a significant role as buffer areas against the loss of 
natural coastal habitats for declining wader populations (Masero 2003; Zwarts et 
al. 2009). 
As most migratory taxa, waders have to cope with the challenge of finding 
food in a variety of habitats, enduring dramatically different environmental 
conditions. Feeding resources, in particular, show high variability in composition 
and availability across the latitudinal gradient of breeding, stopover and wintering 
areas (Piersma et al. 1993). In estuarine and coastal wetlands, prey abundance and 
availability also varies seasonally, with prey biomass usually peaking during the 
warmer periods of the year (Scheiffarth & Nehls 1997). In order to respond to 
these rather short term variations in prey abundance and accessibility, waders 
generally show a strong behavioural plasticity, allowing them to explore a wide 
range of feeding resources throughout the annual cycle (Beninger et al. 2011).  
 
1.3 Ria de Aveiro and its importance for wintering waders 
 The Ria de Aveiro ȋͶͲͲ ͵ͺ’N, ͲͺͲ Ͷͷ’ WȌ is a mesotidal estuarine system, with 
considerable regional and national economic importance (port facilities, 
industries, aquaculture, salt production, fishing). In addition, it also supports 
artisanal fishery, shellfish collecting and sport fishing activities. With respect to 
environmental quality, Ria de Aveiro has a moderate degree of eutrophication and 
also moderate overall human influence in comparison to other estuarine systems 
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in Portugal (Silva 2010). The implementation of EU environmental policies has 
aided in reducing anthropogenic sources and activities (Silva 2010). 
The Ria extends for 45 Km along the west coast of Portugal from Ovar to Mira. 
The total area of Ria which is covered at high tides varies from 83 Km2 in spring 
tides to 66 Km2 in neap tides (Dias et al. 1999). The average river flow tributary to 
the Ria is 40 m3/s, corresponding to a volume of 1.8 x 106 m3. The river system 
from Ria de Aveiro is dominated by Vouga river, which delivers the lagoon an 
average annual flow of 25 m3/s. The river Antuã submits an annual average flow of 
only 2 m3/s (Dias et al. 1999). The other watercourses flowing into this lagoon are 
relatively small in length or in flow. During the rainy season the freshwater flow 
can reach values in the order of 820 m3/s (ARH Centro, 2011). Ria de Aveiro 
wetland has one of the largest areas of contiguous salt marsh in Portugal and one 
of the largest in Europe and hosts important resident and wintering population of 
waders (Silva 2010). 
Ria de Aveiro is a major wetland regarding the number of wintering species 
and is also relevant in the Iberian context, supporting more than 1% of the 
wintering European population for several waders (Morgado et al. 2009). The 
most abundant waders in Ria de Aveiro are Calidris alpina and Charadrius hiaticula 
which combined make roughly 80% of the total waders present. Of the remaining 
waders species, several  compose 1 to 3% of the total wintering numbers, such as 
Pluvialis squatarola, Limosa limosa, Tringa totanus, Recurvirostra avosetta and 
Calidris alba (Morgado et al. 2009). The Ria de Aveiro is one of the most important 
ecological coastal wetlands in Portugal particularly for the conservation of 
migratory waders, functioning as an important wintering site for many species. 
Application of the EU Bird Directive granted the Special Protection Zone 
(PTZPE0004) status, with inclusion in the Natura 2000 Network (Rodrigues et al. 
2011). 
In Ria de Aveiro, it is important to highlight the significance of the saltpan 
areas for waders. Although an artificial habitat, it homes a very important 
percentage of the total number of waders of the Ria, mainly operating as a roosting 
habitat during the high tide (Velasquez & Hockey 1992; Pérez-Hurtado & Hortas 
1992; Masero 2003; Morgado et al. 2009). 
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2. The use of saltpans under distinct regimens by 
wintering waders 
2.1 Introduction 
 
Estuarine intertidal areas often support a large and diverse 
macrozoobenthic fauna and are the main foraging habitats for waders during the 
non-breeding season. However, throughout the last century, these habitats have 
been altered and considerably reduced by anthropogenic activities (Picado et al. 
2010; Sutherland et al. 2012). As a consequence, the density of birds on the 
remaining areas has tended to increase, potentially increasing also the impact of 
shorebirds on the remaining food supplies as well as the interference between 
foraging birds (Stillman 2003; Goss-Custard et al. 2006). 
Estuarine sediment flats are essential foraging areas for waders, but their 
use is constrained by the movements of tides. In this cyclic environment, the 
sediment exposure period varies considerably with the descending tidal line 
creating suitable conditions for waders to capture their prey only to cover the 
sediments once again after the turn of the tide. In these wetlands, the feeding 
rhythms of birds are partly determined by the tidal cycle, which causes predictable 
temporal and spatial changes in their foraging environment (Burger et al. 1977; 
Fleischer 1983). In general, twice a day wader feeding grounds progressively 
expand to the lower reaches of intertidal flats during ebbing tide, and contract to 
upper areas during the rising tide forcing waders to move into high tide roosting 
areas, such as salt marshes and saltpans. 
Worldwide, saltpans act as roosting and complementary feeding areas, 
especially for small waders (Masero et al. 2000; Múrias et al. 2002; Sripanomyom 
et al. 2011) therefore buffering the degradation and ongoing reclamation of 
natural intertidal habitats (Masero 2003). Nevertheless, saltpans are frequently 
also used by feeding waders during low tide (Rufino et al. 1984; Masero et al. 2000; 
Masero & Perez-Hurtado 2001; Warnock et al. 2002). Saltpans are favoured high-
tide roost habitats for several reasons: the large expanses of water facilitate taking 
flight and predator avoidance and the shallow, sheltered impoundments create a 
favourable microclimate for roosting (Warnock & Takekawa 1996). Despite tidal 
mudflats being the prime foraging habitat for waders the lack of nearby high-tide 
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roost sites is known to constrain wader ability to exploit distant mudflats (Dias et 
al. 2006). Therefore, serving as foraging and roosting areas during high tide, 
saltpans help maintain high densities of shorebirds on mudflats (Masero et al. 
2000). 
Although traditional saltpans are well known to operate as beneficial supra-
tidal habitats for waders (Fonseca et al. 2004), salt extraction has gradually 
declined over the last century and only relatively few saltpans remain active in 
Europe. Most have either been totally abandoned and the remaining ones had their 
tanks converted into aquaculture tanks. However, converted tanks are rarely 
suited to high yielding aquaculture and many have also been abandoned. The 
decreasing use of saltpans for active salt extraction is likely to impact waders that 
traditionally used these tanks as high-tide roosts. But other regimens might also be 
favourable, if for instances, abandoned saltpans become tidal areas due to the 
influx of water via destructed walls and/or sluice gates. 
From a peak of 500 active saltpans in the 15th century at Ria the Aveiro, this 
number has decreased considerably and only eight remain currently active (Silva 
2010). Most traditional saltpans are now either abandoned or have been converted 
to aquaculture tanks for fish or shrimp production, due to the low profitability on 
the saline sector. These aquaculture tanks result from the flooding of traditional 
saltpans tanks often with high water levels suitable only to a few bird species. But, 
these tanks are also regularly emptied to allow extraction of fish or shrimps 
unravelling high densities of macro benthos which become accessible to waders. 
The lack of maintenance of inactive saltpans results in the destruction of their 
protective walls and/or sluice gates by the strong currents, tides and even by 
vessel’s wake waves. This destruction results in a significant increase of flooded 
area which also increases the current velocities in the adjacent channels and 
lagoon tidal prism (Picado et al. 2010), resulting in a positive feedback quickly 
accelerating the destruction rate of the remaining walls. However, in these inactive 
and destructed saltpans tidal waters gradually deposit sediments which are likely 
to be colonized by macrobenthos, potentially creating new tidal foraging areas for 
waders in the estuarine mosaic, during low tide. 
In order to be attractive to waders, saltpans require an active ecological 
management. The general aim of ecological management is to provide the birds 
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with food, protection and suitable nesting sites. It is partly a question of managing 
the water levels to prevent the nests from being flooded and the pools from drying 
out (Rodrigues et al. 2011). In this study we explore how wintering waders use 
saltpan tanks under distinct management regimens. We aim to establish which 
saltpan regimen is most favoured by waders across the tidal cycle and provide 
recommendations towards the conservation role that saltpans can have for wader 
species. 
2.2 Methods 
2.2.1 Study area 
 
Aveiro saltpans extend over the municipalities of Aveiro (Glória, Aradas, 
Vera-Cruz e Esgueira) and Ílhavo (S. Salvador), but currently active saltpans are 
located exclusively in Aveiro municipality. In 1956 the saltpans in Ria de Aveiro 
encompassed 1500 ha of production area. By 2007 this area was reduced to 1152 
ha, but only ca. 20% of that were used for salt extraction due to the construction of 
road infrastructures (Multiaveiro 2007), resulting in five groups of saltpans (Fig. 
2): Grupo do Norte (61 saltpans); Grupo do Mar (52 saltpans); Grupo do Monte 
Farinha (8 saltpans); Grupo de S. Roque (63) and Grupo do Sul (68) (Project 
Interreg IIIB Sal 2004-2007). The Aveiro saltpans usage regimen has undergone 
several changes over the most recent years with a progressive reduction of salt 
production and increase usage for aquaculture or complete abandonment. 
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For this study 9 representative tanks, 3 under each of the following regimes 
were selected, covering on average similar areas: saltpans (average area= 5.0 ha ± 
0.2 SE; total area = 15.0 ha) - active saltpans managed for salt extraction; 
aquaculture (average area = 4.5 ha ± 0.9 SE; total area = 13.6 ha) - tanks 
traditionally used for salt production, currently converted into fish production; 
inactive (average area = 4.1 ha ±1 SE; total area = 12.2 ha)- abandoned saltpans 
tanks subjected to tidal waters as walls and/or sluice gates have been destroyed. 
These regimens differ greatly allowing comparison of how these are used by 
waders providing an understanding of how waders use these anthropogenic 
habitats throughout the current cycle of tank conversion or abandonment. The 
three regimes also reflect all the conditions available to waders wintering 
throughout the Ria de Aveiro larger saltpan complex.  
 
 
 
 
Figure 2. Map and status of Ria de Aveiro saltpans in the vicinities of the urban area 
(adapted from Silva 2010). Inset shows the 9 selected salt-pans for this study according to 
their regimen: Inactive with shattered walls (1,2 and 57); Active aquaculture (11,15 and 
56) and Active saltpan (12, 18 and 55). 
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2.2.2 Bird surveys 
 
Surveys were carried from November 2014 to March 2015 (with the 
exception of January) and for each tank the total number of waders of each species 
was quantified, as well as the number of individuals displaying one of the following 
behaviours: feeding, roosting, preening & vigilant. As flamingos (Phoenicopterus 
roseus) have similar prey types as waders and often use saltpans, this specie was 
also included in the surveys and will henceforward be treated as a ǲwaderǳ. 
 Surveys were made once/twice every week with two counts made on the 
same day for each of the 9 tanks, during the twelve hour tide cycle: one during high 
tide and another one during low tide, when the weather was favourable. Each 
survey was done with at least one day interval and no counts were made in 
January. Counts were made at different tide times on each tank so that the entire 
tidal cycle was surveyed and each count was classified as high tide or low tide 
when within 3 hours of high or low water peak, respectively. Count time was also 
converted into minutes to/from high or low water peak. All counts were made 
with the help of binoculars and a telescope. 
2.2.3 Data Analysis 
 
We firstly checked for differences between months for each tank regimen 
(for low tide and high tide counts) using a Kurskal-Wallis test, as count data was 
not normally distributed. 
To test for the effect of regimen for each period of tide (high and low) on 
bird abundance we used a second Kurskal-Wallis test and significant differences 
were then explored with a post-hoc Dunn test applying Bonferroni correction. We 
then estimated Shannon's diversity index which accounts for both abundance and 
evenness of species, to explore which regimen holds higher diversity. 
We also checked how different sized waders used the 3 regimes during high 
or low tide, for foraging and roosting. To do so, bird species were grouped by their 
size, quantified as exposed leg length according to Ntiamoa-Baidu et al. (2008): 
small shorebirds (< 45 mm) resulting in 8 species; medium shorebirds (71-86 mm) 
6 species; large shorebirds (111-174 mm) 3 species; and waterbirds (>200 mm, 
swimmers or divers) 1 species (Table A1). 
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We tested if birds use each regimen similarly throughout the tidal cycle by 
constructing two generalized linear models, one for high tide and another for low 
tide. Predictors were regimen and minutes to/from high or low water peak. Here 
we considered counts from 3 hours before tidal peak (when the tidal flats are 
mostly uncovered at low water and mostly covered at high water) up to 6 hours 
after peak (when the tide shifts from low to high water or vice-versa). We used 
poison error distribution to account for bias on our count data and log link 
function. All data was analysed in R (version 3.2.2). 
 
2.3 Results 
 
A total of 17 surveys were done on each regimen during high tide, but 
during low tide fewer surveys were possible: active saltpan, 16; aquaculture tanks, 
14 and inactive, 15. A total of 17 waders species were observed during the surveys 
on the 9 different focal tanks. Total counts for each species ranged from one 
individual, the Ruff (Philomachus pugnax) to 3361 individuals for the Dunlin 
(Calidris alpina). Active saltpans and aquaculture had maximum abundances of 
2686 and 4028 individuals respectively, whereas inactive tanks had a maximum of 
only 922 individuals. 
 
Table 1. Results of Kruskal-Wallis test on bird 
abundance between months, on each tide 
period for each regimen. 
 
 
The importance of Ria de Aveiro’s saltpans during winter for migratory waders 2015 
 
14 
 
There were no significant differences in bird abundance between months 
for any of the regimens on either low or high tide (Table 1), hence values were 
averaged across the non-breeding season for all subsequent analysis. 
 
On both high and low tide, significantly higher numbers of birds used active 
saltpans (Figure 3, Table 2). During low tide, no significant differences were found 
between aquaculture and inactive saltpans, but during high tide a higher 
abundance was found in aquaculture and very few birds used inactive saltpans. 
 
Table 2. Results of Kruskal-Wallis testing 
differences on wader abundance across 
regimens (see Figure 3 for graphical 
representation). 
 
Figure 3. Average (±SE) number of wintering birds during high tide 
(white) and low tide (grey) using tanks under different regimens. 
Different letters show significant differences between regimens within 
each tidal stage from Dunn post-hoc test. 
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 Active saltpans have the highest levels of Shannon’s diversity overall and 
also during high and low tide, with a similar value achieved on aquaculture tanks 
during low tide (Figure 4). The lowest diversity levels were recorded in inactive 
tanks, although during high tide it shows considerable variation. 
 
The majority of waders use active saltpans for roosting, both during low 
(53.5% ± 6.6 SE) and high tide (67.0% ± 4.4 SE; Figure 5). However, both 
aquaculture and inactive tanks are mainly used for foraging in any tidal stage (> 
73.5% in all cases). Some waders also forage on active saltpans (low tide - 35.3% ± 
6.3 SE; high tide -28.2 % ± 4.6 SE) with foraging being consistently higher during 
low tide within the same regimen (Figure 5).  
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Figure 4. Average ȋ±SEȌ Shannon’s diversity index for wader species during 
high tide (white) and low tide (grey) using tanks under different management 
regimens. 
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Different sized species also differ in the way they use the tanks (Fig. 6). 
Whereas the majority of small and medium sized waders used all regimens for 
foraging (with the exception of active saltpans during high tide for small waders 
and of inactive saltpans for medium size waders, when they mostly roost), large 
waders use primarily active saltpans for roosting during both high and low tide 
periods using aquaculture and inactive tanks mostly for foraging.  
 
Figure 5. Average percentage of birds foraging (light grey), roosting 
(white) and preening or vigilant (dark grey), during low tide (A) and 
high tide (B). Only surveys with more than 30 individuals recorded 
were considered. Sample size given inside each bar. 
A
B
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Figure 6. Average percentage (± SE) of small (A), medium (B) 
and large (C) sized waders foraging (straight line) or roosting 
(dashed lines) during high tide (black circles) and low tide 
(grey circles) across different management regimens. 
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Table 3. Results of GLM tests on the variation of bird abundance from 
low to high tide and vice versa (time) and t regimen (type). 
 
 
The number of waders varies throughout the tidal cycle and across regimen, 
both during low and high tide (Table 3). Wader abundance increases significantly 
from low to high tide on all regimens (Figure 7, Table 4). Conversely, it decreases 
from high tide to low on active saltpans and aquaculture regimens and increases 
slightly on inactive tanks.  
 
Table 4. Parameter estimates and regimen specific results from GLMs 
presented in table 3. 
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2.4 Discussion 
 
The number of waders using Ria de Aveiro confirms the importance of this 
wetland as a wintering site for these birds. Besides being relevant in the Iberian 
context, this wetland supports more than 1% of European wintering populations of 
several wader species (Morgado et al. 2009). Relevant to the capacity of this 
wetland to host so many individuals during winter are its saltpans, which serve as 
shelter for a very important percentage of the total birds of the Ria despite being 
an anthropogenic habitat. This has already been highlighted by several authors, 
indicating the value of saltpans as a high tide roost for waders (Velasquez & 
Hockey 1992; Pérez-Hurtado et al. 1990; Masero 2003). 
 Our results demonstrated that it is indeed during high tide that active 
saltpans hold the highest abundance of birds and diversity of species in Ria de 
Aveiro. But, its importance during the low tide cannot be neglected, as the 
abundance of waders in saltpans is also the highest recorded amongst the three 
regimens. During high tide, aquaculture tanks hosted, on average significantly 
more waders than inactive saltpans but during low tide this difference was not 
apparent. It is therefore clear that active saltpans are favoured by most waders 
during any stage of tide, and although aquaculture tanks also support some 
individuals throughout the tidal cycle, inactive saltpans are only used during low 
tide. This is likely due to the fact that inactive saltpans are subjected to tidal waters 
and are therefore submerged during high tide. Conversely, during low tide these 
areas act almost as ǲrestored tidal flatsǳ providing food resources to waders. 
During low tide, almost all waders using inactive saltpans are actively foraging. 
Masero et al. (1999) reported that the average value of biomass in the saltpans is 
poorer than in intertidal zones, and if these inactive saltpans become re-
naturalized after human intervention, these might indeed have higher biomass 
abundance and thus be more attractive than active saltpans to foraging waders. 
Interestingly, active saltpans are mostly used by roosting waders at any 
stage of tide demonstrating its role as a versatile habitat where birds take refuge 
and forage (Velasquez & Hockey 1992; Masero 2003). This is mostly driven by 
large sized waders, and to a lesser extent by small sized species during high tide. In 
aquaculture tanks foraging is the most common behaviour across all sizes and 
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often with higher or similar proportions to active saltpans. This is distinct from the 
findings by Pérez-Hurtado & Hortas (1992) which found that active saltpans 
hosted a higher proportion of feeding birds than fish-farms, both at high and low 
tide. The same authors noted, however, that the number of waders that feed in 
fish-farms increases considerably in the days following the emptying of the tanks. 
The difference in our findings could be due to the fact that in several occasions our 
counts of aquaculture tanks occurred shortly after emptying of those tanks. These 
events create a short-term bonanza of food that is readily exploited by foraging 
waders. 
The abundance of waders also varies with respect to the phase of the tidal cycle 
and differently so across the distinct management regimens. From low to high tide 
abundance increases significantly on all tanks, indicating that waders use these 
tanks mostly after foraging elsewhere, most likely on the tidal flats. The variation 
in abundance on all three regimens from high to low tide, shows that birds quickly 
leave the active saltpans and aquaculture tanks which can be explained by waders 
dispersing as quickly as possible to a wider area, potentially to minimize 
competition for food resources. By leaving those tanks, waders can occupy much 
larger foraging areas in which inactive tanks are included, hence the increase in 
abundance during this phase in inactive tanks.  
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3. Conclusions 
 
A large number of human activities are known to impact the intertidal areas 
where most waders feed, such as - development of coastal wetlands for industry, 
infrastructure and aquaculture; habitat loss and modification, agricultural 
intensification, increasing predation pressure, pollution, hunting and other forms 
of direct human disturbance (Evans et al. 1979; Piersma et al. 2001; Zockler et al. 
2003). The decline of waterbird populations throughout all regions does suggest as 
underlying global phenomena. But among the many causes of population decline 
often considered, the direct loss of habitat is frequently suspected (e.g Morrison et 
al. 2001; Johnston 2001). Other global phenomena such as eutrophication, with 
nutrient enrichment of wader habitats have also been considered (Zockler 2002). 
No doubt a complex matrix of many inter-correlated factors impacts wader 
populations. Therefore, sound management of estuarine areas requires detailed 
mapping of critical sites for waders and other biota, to support decisions 
concerning further developments. 
In many estuaries and South-European coasts, saltpans are the most 
important man-made habitats for migratory waders (Masero 2003). These 
manmade wetlands are also of great interest because their ecological function 
exceeds their physical boundaries and integrates an important global network of 
wetland systems (López et al. 2009). Saltpans can be considered as particular 
ecosystems, where human intervention is tolerated and even necessary to 
maintain its characteristics, preserving the landscape and protecting the 
environment, while simultaneously generating economical profit (Multiaveiro 
2007). Saltpans are thus integrated ecosystems that can effectively produce an 
economically viable product while serving a critical role in nature conservation 
and biodiversity (Korovessis & Lekkas 1999). 
Given their particular characteristics the saltpans in the Ria de Aveiro are 
regularly occupied by more than 20,000 birds, mainly waterbirds, some of them 
protected by European Directives (Rodrigues et al. 2011). The ongoing 
abandonment of the Aveiro saltpans is of special concern, as the decline in 
artisanal salt production has led to increased saltpan degradation, with a 
consequent loss of cultural, landscape and ecological values (Crisman et al. 2009). 
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Many abandoned saltpans have been transformed into extensive or semi-intensive 
fish or shrimp farming units (e.g. in Spain, Portugal, Italy and Greece). Recent 
recovery of saltpan walls and sluice gates in Aveiro has been exclusively aimed at 
developing aquaculture tanks. Exceptions to this rule are two saltpans, one owned 
by the University of Aveiro (Santiago) and another owned by Municipality of 
Aveiro (Troncalhada), which were recovered and are maintained for the 
production of salt (Martins 2005). )n the Ria de Aveiro and during the ͺͲ’s and ͻͲ’s, semi-intensive fish-
cultures replaced salt businesses at a rate of 13 saltpans per year. Reasons for this 
shift were financial incentives provided to aquaculture and the fact that fish offers 
a permanent activity as opposed to the seasonal salt production which only 
operates during summer (Multiaveiro 2007). Aquaculture on a large scale leads to 
the impoverishment of the saltpan landscape. It also often causes adverse 
environmental impacts by reducing the emerged area available for wader and 
other species, increasing organic load and nutrient concentrations, diminishing 
dissolved oxygen levels and introducing hormones, antibiotics, pesticides and 
various compounds that affect the food chain (Rodrigues et al. 2011). 
The maintenance of the saltpan infrastructure, namely of the walls, sluices 
and channels, is essential to guaranty the sustainability of saline ecosystems and 
can be more easily guarantied if the salt production is maintained (Rodrigues et al. 
2011). Saltpans have been regulated by human activity for millennia, and 
structurally, they comprise a series of interconnected shallow hypersaline ponds. 
The flow of water through these ponds creates a stable gradient of 
physicochemical characteristics, mainly salinity (Britton & Johnson 1987; López et 
al. 2009). The spatial organization of the ponds in the saltpans and of their 
different depths, necessary for the salt production process, favors a high degree of 
spatial heterogeneity and very productive microenvironments that are attractive 
to many primary and secondary consumers (Evagelopoulos et al. 2008; Hamdi et 
al. 2008). 
Across the world, waterbirds use saltpans as sites of roosting, feeding and 
breeding (Velasquez & Hockey 1992; Batty 1992; Collazo 1995; Warnock & 
Takekawa 1996; Sadoul et al. 1998; López et al. 2009). The abundance, presence, 
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or absence of waders has proven to be an effective indicator of a site’s ecological 
condition and of environmental changes within them (Bradford et al. 1998).  
In conclusion it is worth highlighting the importance of maintaining active 
saltpans as a measure of conservation for migratory waders. Saltpans proved to be 
an important habitat for these birds, which can minimize the losses occurring in 
their natural habitat. Although not fully replacing their natural environments, 
given than not all waders species used saltpans, these may be a supplement or 
even an alternative to a natural environment (Velasquez & Hockey 1992; Masero 
2003). In fact, the waders differ in their usage  of saltpans with some mostly using 
it as foraging site regardless of the tidal cycle, while others roosting in different 
percentages between high tide and low tide (e.g. small waders). 
Conservation and management of these systems calls for the development 
of integrated methods aimed at understanding and assessing habitats and at 
defining and selecting ecological indicators related to species composition and 
diversity (López et al. 2009). The salt production process determines ecological 
partitions within the system. This ecological segregation is very important for 
conservation of these environments because spatial heterogeneity can provide 
species with a high diversity of habitats suitable for waders. Such habitats are link 
points of ecological connectivity. Thus, the management of these habitats should be 
done in an integrated way to cover the specific needs of the different species. 
In wetlands such as the Ria de Aveiro, which lie along important migratory 
routes, it requires special care regarding the availability and quality habitats for 
migratory waders in order to try to reverse their declining population trends 
(Sanderson et al. 2006). The abandonment of tanks previously used for salt 
extraction or their conversion to other activities, such as aquaculture, appears to 
constitute a serious threat to the conservation of migratory waders. 
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Appendix I 
 
 
Table A1. List of the grouped birds by exposed leg length. 
 
Small Shorebirds Medium Shorebirds Large Shorebirds Waterbirds 
Calidris alpina Tringa totanus Limosa limosa Phoenicopterus roseus 
Charadrius hiaticula Philomachus pugnax Himantopus himantopus   
Calidris ferruginea Tringa erythropus Recurvirostra avosetta   
Calidris minuta Tringa nebularia     
Calidris alba Pluvialis squatarola     
Arenaria interpres Limosa lapponica     
Calidris canutus       
Actitis hypoleucos       
 
 
